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Abstract
This study was performed to examine the feeding effects of Angelica keiskei Koidz (AK) and its processed products on serum, liver, and body 
fat content and the expression of antioxidant genes in rats fed a high fat diet. AK and its processed products were added at 3-5% to a high fat
diet and fed to adult rats for 6 weeks. In experiment 1 (EXP 1), the rats were fed with one of six diets including a control diet (normal fat), 
high fat diet (HF), and HF + AK additives groups (four groups). In experiment 2 (EXP 2), the rats were separated into three groups of HF, HF
+ AK whole leaves, and HF + fermented juice (FS) + squeeze (SA). Body weight was not different among the groups in either experiment. The
liver weight was lower in the FS and SA groups compared to that in the other groups (P< 0.05). Serum luteolin was higher in the AK and processed
products groups compared to that in the HF group (P< 0.05). Gene expression of the antioxidative enzymes catalase and glutathione-s-reductase
in the liver was higher in the AK processed products group than that in the other groups (P < 0.05). The results suggest that the intake of AK
and its processed products increased the expression of antioxidant enzymes in animals fed a high fat diet, reduced hepatic cholesterol content, and
increased the effective absorption of luteolin.
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Introduction2)
Angelica keiskei Koidz (AK) was introduced from Japan in 
the 1970s as “sinsuncho” and has been widely cultivated as a 
green vegetable juice ingredient [1,2]. AK reduces the risk of 
developing chronic diseases such as hypertension [3]. In fact, 
the American Cancer Society and the American Heart Association 
recommend increased intake of plant-derived foods to prevent 
such diseases [4]. Although it is unclear which plant food 
ingredients contribute to the prevention of chronic diseases, 
flavonoids have been suggested to perform this role. In particular, 
AK contains flavonoid-type biologically active substances such 
as luteolin-7-glucoside, isoquercitrin, and chalcone derivatives 
such as furocoumarines and angelicin [1,2,5]. Flavonoids are 
polyphenol compounds with a characteristic diphenylpropane 
structure and include various plant secondary metabolites that 
are commonly found in fruits and vegetables [6,7]. Such flavonoids 
have anti-oxidation, anti-inflammation, and anti-cancer roles and 
act as immunity enhancers [8,9].
Luteolin is one of most abundant flavonoids in edible plants 
[10]. Luteolin is present in most plant foods not only as a free 
form but also as a glycoside. Luteolin is found in more than 
300 plant species at present. Among them are vegetables such 
as carrots, peppers, celery, perilla leaves, and cucumber [10]. 
Luteolin has various biological activities for the prevention and 
treatment of chronic diseases [11-13]. Luteolin has antioxidant, 
anti-inflammatory, antimicrobial, cancer chemopreventive, cancer 
chemotherapeutic, and cardioprotective activities [4,6,7,9,11-15]. 
Some studies have focused on other factors (mineral or fatty acid) 
rather than luteolin for the effects of luteolin-containing foods. 
However, studies on the physiological activities of AK by several 
processing methods including juice and squeezed remnants have 
not been performed. Additionally, studies on the content or health 
improvement effects of luteolin in AK have been insufficient. 
This study was performed to investigate the physiological activities 
of AK, AK juice, AK squeeze (remnants of AK after squeezing 
the juice), and fermented juice in rats fed a high fat diet (EXP 
1). The health improvement effects of the AK processed products 
have been poorly investigated. Thus, experiment (EXP) 2 was 
performed to compare the effects of whole AK with those of 
mixing a sample of AK juice and squeeze with the same portion 
of whole AK, because it is unclear whether mixing the sample 
has synergistic effects or not.
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Ingredients Normal diet High fat (HF) HF + AK HF + ES HF + FS HF + SA HF + ES + SA
Corn starch 46.56 25.57 24.67 25.97 25.97 24.67 24.67
Casein 14.00 14.00 13.40 13.60 13.60 13.40 13.40
Soy oil 4.00 4.00 3.00 3.00 3.00 3.00 3.00
Cellulose 5.00 10.00 7.50 8.00 8.00 7.00 7.50
AK - - 5.00 - - - -
ES - - - 3.00 - - -
F S ---- 3 . 0 0 --
S A ----- 5 . 0 0 -
ES + SA 5.00
Lard
3) - 16.00 16.00 16.00 16.00 16.00 16.00
Miscellaneous
4) 30.43 30.43 30.43 30.43 30.43 30.43 30.43
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Crude Protein (%) 13.06 13.06 13.07 13.07 13.07 12.51 13.07
ME (kcal/kg)
5) 3,466 4,150 4,151 4,147 4,147 4,159 4,151
1) Angelica  keiskei  was  powdered  after  freeze  drying  intact  samples.
2) AK, Angelica keiskei; ES, the solution was extracted from AK; FS, fermented ES; SA, the solid was squeezed from AK; ES + SA, combined ES and SA with the same 
portion  of  AK
3) Lard  was  stabilized  by  adding  0.0125%  BHT  (Chungang  Chem  Co.  Ltd,  Seoul,  Korea).
4) The  miscellaneous  mix  was  composed  of  15.5%  glucose,  10.0%  sucrose,  3.5%  mineral  mix,  1%  vitamin  mix,  0.18%  L-cys,  and  0.25%  cholin.
5) metabolizable  energy
Table 1. Formulations of the experimental diets (g/100 g diet, EXP 1 and 2)
1,2)
Materials and Methods
Experiments were conducted twice to investigate the biological 
effects of consuming AK and AK juice in rats fed a high fat 
diet. In EXP 1, the intake effects of AK whole leaves (AK), 
juice (ES), fermented juice (FS), and squeezed AK (SA) were 
examined, whereas the intake effect of AK and the combined 
effect of FS + SA were examined in EXP 2.
Animals and experimental diets
Seven-week-old male Sprague-Dawley rats (average weight, 
250 g) were used. Rats were housed individually in acrylic cages 
(Daejong Co., Seoul, Korea) and cared for regularly every day. 
Lights in the animal room were artificially controlled (12 
hours/day), and the temperature was maintained at 22 ± 2℃. The 
animals had free access to water and feed.
AK and the processed products used in the experiments were 
provided by Pulmuone. AK was obtained from a local cultivator 
in Gyeonggido, Korea and then moved to the Pulmuone Juice 
Factory for juice production. All samples were vacuum freeze 
dried and ground with a pin mill down to 100 mesh size and 
then stored at -70℃ until use. The moisture of the samples was 
maintained by air drying for 6-9 hours to prevent moisture 
changes in the raw ingredients before mixing.
After a 7-day adaptation period, the rats were divided into six 
groups of control diet, high fat (HF) diet and HF + AK additives 
(4 groups) in EXP 1 and the HF, HF + AK whole leaves, and 
HF + FS + SA groups in EXP 2. Eight rats were assigned per 
group, and the experimental period was 6 weeks. The composi-
tions of the experimental diets are listed in Table 1. All 
experimental diets were prepared with identical calorie and 
protein contents. Body weight and food intake were measured 
every week. All animal experiments observed the NIH guidelines 
described in “Principles of Laboratory Animal Care” [16] and 
the protocols for animal care were approved by the Institutional 
Animal Care and Use Committee of Korea Food Research 
Institute, Gyeonggido, Korea.
Sampling procedures
At the end of each experiment, rats were fasted for 12 hours 
and anesthetized with diethyl ether. Blood samples were collected 
by cardiac puncture and the liver, kidney, testes, and spleen were 
dissected and rinsed with saline, blotted on filter paper, and 
weighed, respectively. A part of the liver was cut (3 × 3 × 3 mm) 
and immediately frozen in liquid nitrogen for use in the gene 
expression analysis. Epididymal fat and the rear fat pad were 
weighed in the same manner. All tissues were stored at -70℃ 
in a freezer until analysis.
Serum analysis procedures
Serum total cholesterol (TC), high density lipoprotein- 
cholesterol (HDL-C), and free fatty acids were analyzed with 
a Kobas Mira (Roche Co., Indianapolis, IN, USA) automatic 
chemistry analyzer. Low density lipoprotein-cholesterol (LDL-C) 
was calculated by a formula, LDL-C = TC-[(HDL-C-TG)/2] [17].
Blood luteolin content was analyzed using high performance 
liquid chromatography (HPLC) [18-20]. Briefly, 200 μL of 
plasma was placed in a 2 mL micro tube and 390 μL of 0.17 
M ammonium acetate buffer solution (pH 4.6) and 10 μL of 
β-glucuronidase (Sigma Co., St. Louis, MO, USA) were added, 
and the mixture was placed in a water bath at 37℃ for 12 hours Eunmi Kim et al. 11
I t e m s A KE SS AF SA K E S + S A
Moisture 10.22 4.78 6.94 9.97 9.44 7.16
Crude Protein 11.32 12.67 9.67 10.99 11.26 11.54
Ether extract 7.10 2.18 4.42 0.27 7.11 4.67
Crude Fiber 12.84 0.29 23.38 0.16 12.57 9.16
Ash 11.30 15.27 9.73 13.23 11.76 12.29
Nitrogen free extract 47.22 64.81 45.86 65.38 47.86 55.17
Ca (%) 1.49 2.14 1.70 1.19 1.19 1.16
P (%) 0.33 0.43 0.21 0.42 0.34 0.39
Mg (%) 0.14 0.24 0.14 0.19 0.15 0.20
Ge (mg/kg) 22.38 26.76 20.49 19.16 22.38 12.03
Luteolin (ug/g) 257.7 144.2 221.4 211.5 257.7 212.2
Asp 0.94 1.28 0.85 0.92 1.20 1.11
Thr 0.47 0.49 0.41 0.33 0.53 0.45
Ser 0.42 0.41 0.38 0.26 0.51 0.45
Glu 1.07 1.41 0.91 0.81 1.45 1.54
Gly 0.52 0.52 0.45 0.38 0.58 0.47
Ala 0.67 0.58 0.49 0.51 0.66 0.55
Val 0.59 0.59 0.49 0.52 0.62 0.51
Ile 0.41 0.41 0.33 0.33 0.43 0.35
Leu 0.82 0.82 0.68 0.59 0.91 0.72
Phe 0.60 0.58 0.43 0.43 0.64 0.50
Lys 0.56 0.54 0.51 0.35 0.77 0.64
His 0.21 0.21 0.16 0.14 0.25 0.19
Arg 0.49 0.44 0.40 0.25 0.53 0.47
Cys 0.10 0.12 0.07 0.10 0.17 0.13
Met 0.19 0.14 0.11 0.10 0.17 0.14
Pro 0.41 0.42 0.49 0.38 0.41 0.43
1) AK,  Angelica  keiskei;  ES,  solution  extracted  from  AK;  FS,  fermented  ES;  SA, 
solids  squeezed  from  AK
Table 2. Characteristics of AK and their processing products (%, EXP 1 and 2)
1)
to react. Then, it was diluted with buffer solution and was 
vortexed after adding 1 mL of ethyl acetate followed by 
centrifugation at 12,000 rpm for 10 minutes, and the supernatant 
was collected. This step was repeated three times and the 
collected solution was evaporated with N2 gas, dissolved in 200 
μL mobile phase, and analyzed by HPLC equipped with an 
electrochemical detector (Waters 460, Milford, MA, USA). The 
solvent was a mixture of MeOH/0.1 M ammonium acetate (pH 
2.5)/5 mM EDTA (= 50/50/10) and the flow rate was 1 mL/min.
Liver lipid analysis
Liver lipids were extracted using chloroform and methanol (=
2:1; v/v) [21]. A part of the extract was used for measuring 
total lipid content and the remaining part was used for cholesterol 
analysis. Cholesterol was analyzed using an enzymatic kit (Wako 
Chemical Co., Osaka, Japan).
Quantitative real time reverse transcription polymerase chain 
reaction (RT-PCR)
The gene expression levels of antioxidant enzymes in the liver, 
such as superoxide dismutase (SOD), glutathione reductase (GsR), 
glutathione peroxidase (GPx), glutathione transferase (GT) and 
catalase were analyzed using real time RT-PCR. Total RNA was 
separated with TRIzol reagent (Invitrogen Co., Carlsbad, CA, 
USA) and the quantity of RNA was measured with a spectro-
photometer. cDNA was obtained using 5 μg total RNA, random 
primer (Invitrogen) and RT-premix (Bioneer, Seoul, Korea). The 
ABI 7700 System (Applied Biosystems, Foster City, CA, USA) 
was used with the SYBR Green PCR Master Mix, Applied 
Biosystems) including SYBR green (Molecular Probes, Eugene, 
OR, USA). The primer sequences were 5′-CTCGTCTCCTTG 
CTTTTTGC-3′ and 5′-AAAATGAGGTCCTGCAGTGG-3′ for 
SOD (Z24721), 5′-CAACATCCCTACCGTGGTCT-3′  and 5′
-CATTTCGTCTTCCTCGTGGT-3′ for glutathione reductase (NM 
053906), 5′-GCTGCTCATTGAGAATGTCG-3′  and 5′-GCCT 
TCTCACCATTCACCTC-3′  for glutathione peroxidase (NM 
030826), 5′-CCACATTTTTGAGCCCAAGT-3′ and 5′-TGAGT 
GCCAGTGTAGCAAGG-3′ for glutathione transferase (M28241), 
and 5′-ACATGGTCTGGGACTTCTGG-3′ and 5′-CAAGTTTTT 
GATGCCCTGGT-3′  for catalase (NM012520) left and right 
sequences, respectively. A melting curve analysis and gel elec-
trophoresis was performed to prevent the generation of non- 
specific amplicons. No mispriming was found. The 2-ΔΔCt formula 
was used to determine differences in gene expression [22].
Statistical analysis
All data are presented as average ± standard deviation and were 
analyzed by a one-way analysis of variance. Significances among 
the averages were verified by Duncan’s multiple range test using 
SAS release 8.02 (SAS, 2001) program at P < 0.05.
Results
Nutrient content analysis of AK and its processed products
The general composition, minerals, and luteolin content of AK 
and its processed products are shown in Table 2. Crude fiber 
content was significantly different among the samples. Crude 
fiber content was the highest in SA, whereas that of AK juice, 
ES, and FS were very low at about 0.5% (Table 2). The raw 
AK material and the mixed sample of ES + SA showed similar 
results. The Ca level (1.19-2.14%) was higher than the P level 
(0.21-0.42%), in all samples, suggesting that AK and its 
processed products are alkaline foods. Ge content was 12-26 
mg/kg and the luteolin content of AK and its processed products 
was 211-257 μg/g.
The amino acid composition of AK showed a typical plant 
protein amino acid composition. Unlike animal proteins, it had 
low glutamic acid content but high arginine, alanine, valine, 
isoleucine, and leucine content.12 Effects of Angelica keiskei on lipid metabolism
Group
2) Liver Spleen Testis Kidney Epididymal fat Rear fat pad
g/100g Body weight
Normal Diet 3.457 ± 0.159
b 0.152 ± 0.005 0.658 ± 0.027 0.597 ± 0.022
ab 1.893 ± 0.089
ab 2.590 ± 0.176
a 
HF 3.445 ± 0.082
b 0.147 ± 0.010 0.672 ± 0.031 0.634 ± 0.043
b 2.340 ± 0.087
ab 3.102 ± 0.141
b 
HF + AK 3.081 ± 0.053
a 0.138 ± 0.010 0.576 ± 0.056 0.516 ± 0.017
a 2.496 ± 0.066
b 2.944 ± 0.266
ab 
HF + ES 3.285 ± 0.028
ab 0.140 ± 0.008 0.617 ± 0.022 0.608 ± 0.029
b 2.581 ± 0.149
b 2.955 ± 0.282
ab 
HF + FS 3.181 ± 0.033
a 0.141 ± 0.009 0.638 ± 0.020 0.567 ± 0.046
ab 1.994 ± 0.161
ab 2.406 ± 0.342
a 
HF + SA 3.121 ± 0.114
a 0.135 ± 0.007 0.650 ± 0.033 0.591 ± 0.022
ab 1.747 ± 0.165
a 2.665 ± 0.216
a 
1) Mean ± SD  (n = 8).  Means  with  different  letters  in  the  same  column  are  significantly  different  at  P < 0.05.
2) HF,  High  fat  diet;  AK,  Angelica keiskei; ES, solution  was  extracted  from  AK;  FS, fermented  ES;  SA,  solid  squeezed  from  AK
Table 4. Organ weights in rats fed the experimental diets for 6 weeks (EXP 1)
1)
Weeks
Dietary Groups
3)
Normal diet HF HF + AK HF + ES HF + FS HF + SA
Body Weight g/head
Initial 248.6 ± 2.4 248.7 ± 3.7 248.7 ± 2.5 248.7 ± 2.1 248.7 ± 2.8 248.8 ± 4.0
1 300.6 ± 3.8 307.2 ± 5.1 307.0 ± 3.9 313.5 ± 6.1 313.4 ± 4.8 309.2 ± 10.7
2 353.7 ± 4.6 352.4 ± 8.0 362.2 ± 6.7 364.5 ± 11.1 364.6 ± 8.3 352.6 ± 18.1
3 393.4 ± 6.8 392.1 ± 11.4 407.5 ± 9.3 405.5 ± 14.9 406.4 ± 10.2 393.0 ± 22.8
4 424.3 ± 9.8 424.0 ± 15.2 446.5 ± 9.8 451.3 ± 16.9 444.3 ± 11.0 426.5 ± 28.5
5 453.6 ± 11.9 452.2 ± 17.4 481.5 ± 8.6 479.8 ± 18.6 476.2 ± 11.6 472.6 ± 22.7
6 484.1 ± 15.0 482.3 ± 17.9 515.7 ± 12.5 515.2 ± 19.3 510.4 ± 11.6 508.6 ± 27.3
Differences 235.5 ± 11.2 233.6 ± 12.3 267.1 ± 9.8 266.5 ± 15.9 261.8 ± 8.4 234.2 ± 20.7
Food Intake g/head/day
1 24.8 ± 1.6 25.1 ± 1.4 24.1 ± 1.1 25.9 ± 2.2 25.5 ± 0.8 25.3 ± 2.1
2 5.1 ± 1.3 22.8 ± 1.7 23.4 ± 1.4 23.5 ± 3.0 23.4 ± 1.6 22.8 ± 3.4
3 24.3 ± 1.4 22.1 ± 2.2 24.9 ± 1.7 22.7 ± 2.9 22.8 ± 1.0 22.4 ± 2.9
4 23.1 ± 2.1 21.1 ± 2.9 22.6 ± 1.0 20.8 ± 4.8 22.9 ± 1.4 21.7 ± 3.7
5 23.7 ± 2.4 21.9 ± 2.0 22.5 ± 1.5 19.9 ± 6.1 23.2 ± 0.9 23.1 ± 1.5
6 25.9 ± 3.6 25.2 ± 2.0 22.4 ± 2.6 23.7 ± 3.5 25.6 ± 1.3 23.5 ± 3.2
Overall 24.5 ± 2.4 23.1 ± 2.3 23.3 ± 1.9 22.8 ± 4.9 23.9 ± 1.3 23.1 ± 2.5
1) Mean ± SD  (n = 8)
2) No  difference
3) HF,  High  fat  diet;  AK,  Angelica keiskei; ES, solution  extracted  from  AK;  FS, fermented  ES;  SA,  solid  squeezed  from  AK
Table 3. Body weights and food intake during the 6 weeks (EXP 1)
1),2)
Weeks
Dietary Groups
3)
HF HF + AK HF + ES + SA
Body Weight g/head
Initial 256.1 ± 3.4 256.2 ± 5.8 256.4 ± 4.5 
1 320.4 ± 3.7 324.3 ± 8.2 327.1 ± 5.5 
2 380.9 ± 5.2 386.0 ± 10.2 385.4 ± 7.5 
3 419.5 ± 7.2 423.8 ± 13.1 425.8 ± 9.3 
4 455.0 ± 8.6 462.2 ± 14.1 464.0 ± 10.9 
5 487.0 ± 10.6 495.0 ± 14.4 498.4 ± 12.4 
6 517.9 ± 12.3 527.7 ± 16.0 531.7 ± 12.9 
Differences 261.8 ± 9.1 271.5 ± 9.4 275.3 ± 9.3
Food Intake g/head/day
1 25.0 ± 0.5 24.7 ± 0.9 24.5 ± 0.6 
2 24.7 ± 1.3 23.8 ± 2.2 23.9 ± 1.6 
3 23.8 ± 0.9 23.3 ± 1.4 24.1 ± 1.0 
4 23.5 ± 0.7 22.9 ± 1.1 23.9 ± 0.8 
5 23.4 ± 0.5 22.5 ± 1.1 23.2 ± 0.9 
6 23.2 ± 0.7 22.7 ± 0.7 23.0 ± 0.6 
Overall 23.9 ± 0.8 23.3 ± 1.2 23.8 ± 0.9
1) Mean ± SD  (n = 8)
2) No  difference
3) HF, high fat diet; AK, Angelica keiskei; ES, solution extracted from AK; SA, solid 
squeezed  from  AK
Table 5. Body weights and food intake of rats during the 6 weeks (EXP 2)
1)2) Effects of AK and its processed products in rats fed a high fat 
diet (EXP 1 and 2)
The results for AK and its processed products added to the 
HF diet are shown in Tables 3 and 4 (EXP 1). Additionally, 
the results for the mixed group of juice and AK squeeze debris 
added to HF (ES + SA) are listed in Tables 5 and 6 (EXP 2). 
Weekly body weight and the food intake were not different 
among the experimental groups in EXP 1 (Table 3). The weight 
of organs at the end of experiment is shown in Table 4. Liver 
and kidney weights were highest in the HF group (P < 0.05). 
The weights of the epididymal fat and the rear fat pad were 
significantly higher in the HF group (P < 0.05) and epididymal 
fat was the lowest in the SA group with added AK squeeze, 
whereas the rear fat pad was the lowest in the FS group (P<0 . 0 5 , 
Table 4).
Body weight and the food intake in the HF group were not 
different even after providing AK and ES + SA (EXP 2, Table 
5). The weights of the liver, kidneys, epididymal fat, and rear 
fat pad decreased in the AK and ES + SA groups compared to 
those in the HF group (P < 0.05, Table 6).Eunmi Kim et al. 13
Group
2) Total 
Cholesterol
HDL- 
cholesterol
LDL- 
cholesterol Free fatty acid
mg/dL meq/L
In EXP 1
Normal Diet 72,12 ± 7.27
a 26.14 ± 2.50 5.43 ± 0.40
a 251.43 ± 24.58
a
HF 76.00 ± 5.23
a 22.75 ± 1.41 8.83 ± 0.40
b 483.63 ± 56.29
b
HF + AK 92.00 ± 6.82
b 21,71 ± 1.28 9.43 ± 0.78
b 486.14 ± 85.68
b
HF + ES 93.86 ± 6.76
b 24.43 ± 2.09 8.71 ± 0.61
b 473.86 ± 52.07
b
HF + FS 83.13 ± 5.93
ab 21.13 ± 1.67 7.88 ± 0.43
b 538.25 ± 37.19
b
HF + SA 87.86 ± 5.91
ab 25.29 ± 1.24 9.43 ± 0.62
b 406.14 ± 42.92
b
In EXP 2
HF 85.40 ± 7.34 23.60 ± 4.28 10.00 ± 2.00 489.64 ± 38.89
HF + AK 92.28 ± 4.74 22.20 ± 2.39 7.60 ± 0.89 490.67 ± 74.54
HF + ES + SA 92.00 ± 7.49 21.89 ± 2.77 8.20 ± 1.30 493.00 ± 93.66
1) Mean ± SD  (n = 8).  Means  with  different  letters  in  the  same  column  are 
significantly  different  at  P < 0.05.
2) H F ,  h i g h  f a t  d i e t ;  A K ,  Angelica  keiskei;  ES,  solution  extracted  from  AK;  FS,
fermented  ES;  SA,  solid  squeezed  from  AK
Table 7. Levels of total cholesterol, HDL-cholesterol, LDL-cholesterol, and free fatty
acids in serum of rats fed the experimental diet for 6 weeks (EXP 1and 2)
1)
Tissues
Dietary Groups
2)
HF HF + AK HF + ES + SA
g/100g Body weight
Liver 3.541 ± 0.106
b 3.174 ± 0.159
a 3.132 ± 0.105
a
Spleen 0.159 ± 0.031 0.160 ± 0.024 0.158 ± 0.019
Testis 0.613 ± 0.031 0.611 ± 0.046 0.585 ± 0.036
Kidney 0.621 ± 0.028
b 0.564 ± 0.018
a 0.561 ± 0.024
a
Epididymal fat 2,349 ± 0.332
b 1.752 ± 0.162
a 2.272 ± 0.179
b
Rear fat pad 3.102 ± 0.217
a 2.476 ± 0.220
b 2.857 ± 0.242
ab
1) Mean±SD (n=8). Means with different letters in the same row are significantly 
different  at  P < 0.05.
2) HF, high fat diet; AK, Angelica keiskei; ES, solution extracted from AK; SA, solid 
squeezed  from  AK
Table 6. The weight of organs and the fat pad in rats fed the experimental diets
for 6 weeks (EXP 2)
1)
Normal fat HF HF+AK HF+ES HF+FS HF+SA
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Fig. 1. Serum luteolin concentrations in rats fed the experimental diets for 6 
weeks (EXP 1). Values are mean±standard deviation (n=6-8). HF, high fat diet; 
AK, Angelica keiskei; ES, solution extracted from AK; FS, fermented ES; SA, solid 
squeezed  from  AK.  Bars  with  different  letters  are  statistically  different  (P < 0.05).
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Fig. 2. Serum luteolin concentrations in rats fed the experimental diets for 6 
weeks (EXP 2). Values are mean±standard deviation (n=6-8). HF, high fat diet; 
AK, Angelica keiskei; ES, solution extracted from AK; SA, solid squeezed from AK. 
Bars  with  different  letters  are  statistically  different  (P < 0.05).
Groups
2) Total lipid Cholesterol
mg/g Liver
In EXP 1
Normal diet 23.1 ± 4.3 2.75 ± 0.40
ab
HF 29.7 ± 4.3 3.16 ± 0.37
b
HF + AK 29.2 ± 3.4 2.27 ± 0.30
a
HF + ES 25.8 ± 3.1 2.20 ± 0.26
a
HF + FS 29.8 ± 3.8 2.27 ± 0.26
a
HF + SA 26.1 ± 4.1 2.30 ± 0.27
a
In EXP 2
HF 29.8 ± 5.2 3.29 ± 0.34
b
HF + AK 29.2 ± 6.2 2.31 ± 0.34
a
HF + ES + SA 30.6 ± 3.6 2.61 ± 0.32
ab
1) Mean ± SD  (n = 8).  Means  with  different  letters  in  the  same  column  are 
significantly  different  at  P < 0.05.
2) H F ,  h i g h  f a t  d i e t ;  A K ,  Angelica  keiskei;  ES,  solution  extracted  from  AK;  FS,
fermented  ES;  SA,  solid  squeezed  from  AK
Table 8. Total lipid and cholesterol levels in livers of rats fed the experimental
diets for 6 weeks (EXP 1 and 2)
1)
The analysis of blood lipids in EXP 1 and 2 is shown in Table 
7. Fat content in the diet greatly affected the blood lipid profiles 
in EXP 1. Serum LDL-cholesterol and free fatty acids were 
higher in the HF group compared to those in the normal diet 
group (P < 0.05). The AK group and the processed products 
groups were not different from the HF group. These results were 
similar to those of EXP 2. Serum luteolin content in EXPs 1 and 
2 is shown in Figs. 1 and 2. The AK and its processed products 
groups showed significantly higher luteolin content by 55-120% 
compared to that in the HF group (Figs. 1 and 2, P  <0 . 0 5 ) .
Total lipids and cholesterol content in the liver of rats fed AK 
and its processed products in EXP 1 and 2 are shown in Table 
8. Total lipids were not different among treatments, but 
cholesterol content was lower in the AK and processed products 
groups compared to those in the HF group in both experiments 
(P < 0.05).14 Effects of Angelica keiskei on lipid metabolism
Groups
2) Catalase SOD GPx GT GsR
Fold induction
In EXP 1
Normal diet 3.90 ± 0.71
c 1.24 ± 0.10 1.24 ± 0.15 0.82 ± 0.10 1.55 ± 0.21
b
HF 1.14 ± 0.22
a 1.07 ± 0.13 1.06 ± 0.12 1.08 ± 0.16 1.06 ± 0.14
a
HF + AK 2.16 ± 0.39
b 1.03 ± 0.07 1.31 ± 0.10 1.07 ± 0.09 1.37 ± 0.11
ab
HF + ES 1.85 ± 0.46
b 1.35 ± 0.15 1.20 ± 0.12 1.04 ± 0.11 1.17 ± 0.16
a
HF + FS 1.62 ± 0.27
ab 1.06 ± 0.12 1.31 ± 0.17 1.15 ± 0.08 1.21 ± 0.08
a
HF + SA 1.56 ± 0.35
ab 1.34 ± 0.11 1.30 ± 0.18 1.36 ± 0.19 1.43 ± 0.15
ab
In EXP 2
HF 1.02 ± 0.09
a 1.01 ± 0.08 0.99 ± 0.05
a 1.01 ± 0.07 1.05 ± 0.07
a
HF + AK 1.89 ± 0.10
b 1.14 ± 0.06 1.45 ± 0.10
b 1.08 ± 0.07 1.49 ± 0.10
b
HF + ES + SA 1.91 ± 0.13
b 1.12 ± 0.07 1.49 ± 0.09
b 1.15 ± 0.09 1.55 ± 0.11
b
1) Data  are  mean ± SD  (n = 7-8),  expressed  as  the  fold  change  in  the  HF  group 
and normalized to β-actin levels. Means with different letters in the same column 
are  significantly  different  at  P < 0.05.
2) H F ,  h i g h  f a t  d i e t ;  A K ,  Angelica  keiskei;  ES,  solution  extracted  from  AK;  FS,
fermented  ES;  SA,  solid  squeezed  from  AK
Table 9. Hepatic catalase, superoxide dismutase (SOD), glutathione reductase 
(GsR), glutathione peroxidase (GPx), glutathione transferase (GT) mRNA 
expression using real time RT-PCR (EXP 1 and 2)
1)
Antioxidant enzyme gene expression in the liver of rats fed AK 
and its processed products
The results of real time RT-PCR for measuring enzyme gene 
expression such as catalase, SOD, GPx, GT, and GsR are shown 
in Table 9. Gene expression levels in the HF group were used 
as a reference for the control group. In EXP 1, catalase had 
37-90% higher mRNA content in the AK and processed products 
groups compared to that in the HF group (P < 0.05). GsR had 
35% higher mRNA content in the HF + SA group compared to 
that in the HF group. Catalase, GPx, and GsR genes showed 
higher mRNA content in the HF + AK and the HF + ES + SA 
groups in EXP 2 compared to that in the HF group (P <0 . 0 5 ) .
Discussion
This study was performed to examine the effects consuming 
AK and its processed products on serum, liver, and body fat 
contents, serum luteolin content, and the expression of antio-
xidant genes in rats fed a HF diet. Flavonoids, such as luteolin, 
are polyphenol compounds with a characteristic diphenylpropane 
structure and are known as various plant secondary metabolites 
commonly found in fruits and vegetables [6,7].
The high fat diet was composed of 20% fat in this study, but 
all experimental diets were designed to have identical protein 
and energy contents. Thus, the diet intakes in the experimental 
animals were similar in all experimental groups (Tables 3 and 
5). The changes in body weight in the rats were not different 
among the groups in EXP 1. Body weights did not change among 
the groups in EXP 2. These results indicate that dried AK, ES, 
FS, and SA are foods without anti-nutritional effects even with 
excessive intake > 20 times the normal amount.
Liver and kidney weights in EXP 1 tended to be lower in 
the AK and processed products groups compared to those in the 
HF and normal diet group (P> 0.05, Table 4). Lower liver weight 
is considered better under a fat accumulating environment. These 
results indicate that these compounds prevented lipid accumula-
tion in the liver. Kidney weight was lower in the AK and 
processed products treatments than that in the HF group. AK 
intake reduced the increased kidney weight due to fat accu-
mulation by the HF diet. Organ weights in EXP 2 were similar 
to those in EXP 1 (Table 6).
Epididymal fat is very important as a value representing body 
fat content in rats. Epididymal fat content was not different 
among the AK, ES, FS, and HF groups but was very low in 
the SA group compared to that in the HF group (Table 4). The 
intraperitoneal rear fat pad was smaller in both the FS and SA 
groups than that in the HF group (P < 0.05). Thus, FS and SA 
had effects on reducing body fat content. In particular, FS showed 
that a higher functional effect of green juice is possible by 
fermentation. It was assumed that such a result was observed 
because a substance that inhibits fat accumulation was activated 
during the fermentation process of green juice. These results can 
be used as a reference to establish the direction for developing 
products using AK juice and AK squeeze in the future. 
Epididymal fat was slightly lower in the AK group in EXP 2 
than that in the other groups. The intraperitoneal rear fat pad 
was also slightly smaller in the AK group compared to that in 
the other treatment groups (P < 0.05, Table 6).
The results of serum lipids in the EXP 1 and 2 treatment groups 
are shown in Table 7. Serum cholesterol was slightly improved 
by AK intake, and free fatty acid content showed a similar pattern.
Serum luteolin concentration in EXP 1 and 2 are shown in 
Figs. 1 and 2, respectively. Serum luteolin was generally higher 
in the AK and its processed products groups than that in the 
control and HF groups (P> 0.05). The highest content was found 
in the FS and AK groups and then in the order of the ES and 
SA groups. Thus, continuous intake of AK caused increased 
absorption of luteolin and increased serum concentrations. 
Additionally, serum luteolin was significantly higher in the AK 
groups than that in the HF group in EXP 2 (P < 0.05, Fig. 2). 
This result was the same as that in EXP 1.
Total lipid and cholesterol contents in livers of the experi-
mental groups are shown in Table 8. Liver lipid content was 
not different among the experimental groups. However, liver 
cholesterol content in rats fed AK and its processed products 
was lower than that in the HF group (P < 0.05). The liver 
cholesterol content in the HF group was 13% higher compared 
to that in the normal diet group. Cholesterol content in the livers 
of the AK group was similar to that in the normal diet group. 
Thus, AK and its processed products suppressed cholesterol 
accumulation in the liver following the intake of a HF diet. But, 
it was assumed that the effect of suppressing cholesterol accu-
mulation in the liver is similar among AK products regardless 
of processing method because there was no difference in hepatic 
cholesterol content by processed products. These results suggest Eunmi Kim et al. 15
that the most important direction for AK juice related studies 
in the future is to identify the inhibitory effect of cholesterol 
accumulation in the liver. It is not possible to assume based on 
the results of this study whether cholesterol in the liver was 
suppressed by inhibited cholesterol biosynthesis or by inhibited 
hepatic cholesterol transport in the blood, but these two 
possibilities resulted in a reduction of cholesterol.
Rats are under oxidative stress by lipid peroxidation when fats 
accumulate in the liver. Thus, we measured the gene expression 
and activity of enzymes involved in the antioxidant system to 
confirm the antioxidant effect of the AK products. mRNA content 
of SOD, catalase, GPx, GT, and GsR was measured, and the 
results are shown in Table 9. The HF group was the reference 
(1.00). Gene expression of catalase, GPx, and GsR increased by 
15-100% in the livers of the AK, ES, FS, and SA groups. Similar 
results were observed in EXP 2, and antioxidant enzyme gene 
expression was significantly higher in the AK and ES + SA 
groups compared to that in the HF group (P< 0.05) but ES + SA 
did not show a synergistic effect compared to that in the AK groups.
These results show that the intake of AK and related products 
actively induced the expression of antioxidant enzymes to 
eliminate reactive oxygen species in the liver. There may be 
slightly different views in the interpretation of gene expression, 
but it is considered beneficial if there is increased gene 
expression. The increase in antioxidant enzyme gene expression 
increases antioxidant enzyme activity. It was confirmed that the 
intake of AK juice increased both catalase and GPx, which are 
important antioxidative enzymes. In particular, considering that 
catalase is an important extracellular antioxidant enzyme and that 
GPx is an important intracellular antioxidant enzyme, increase 
in these enzymes can improve antioxidant effects both inside and 
outside of the liver. GsR is an important enzyme that reduces 
oxidized glutathione and regulates the glutathione peroxidase 
enzyme system in the cell. Increased gene expression of this 
enzyme increases the general metabolic rate of the enzyme 
system. GsR is an enzyme that regulates the overall rate of the 
glutathione peroxidase enzyme system.
In conclusion, our results suggest that consuming AK and its 
processed products increased the expression of antioxidant 
enzymes in animals fed a HF diet, reduced hepatic cholesterol 
content, and increased absorption of luteolin.
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